which consists of Fellows or Junior Fellows who volunteer to complete three to five survey studies each year.
Participants were sent a survey, a cover letter explaining the study, and a postage-paid return envelope. The survey contained demographic questions, the Schwartz and Lipkus Numeracy Scales, the OGSLQ (Table 1) , and a list of topics where physicians indicated which clinical issues emerge in practice once per month or more (e.g., HIV/AIDS, HPV, Chagas, etc.).
Measures

Schwartz Numeracy Scale
The Schwartz Numeracy Scale (Schwartz, Woloshin, Black, & Welch, 1997) is made up of three questions: (1) a conversion from a percentage to a frequency, (2) conversion from a frequency to a percentage, and (3) an estimation of how many heads there will be in 1,000 coins flips. It has been found to have good internal reliability (α = .56-.80) and test-retest reliability (r = .72; Reyna et al., 2009 ). Questions were scored as correct (1) or incorrect (0) and scores were summed for a total score.
Lipkus Numeracy Scale
The Lipkus Numeracy Scale (Lipkus, Samsa, & Rimer, 2001) is an expansion of the Schwartz measure. It has been found to have good internal reliability (α = .70-.75; Reyna et al., 2009) . One question (8A) was removed from the Lipkus scale to eliminate redundancy and reduce responder burden. Questions were scored as correct (1) or incorrect (0) and scores were summed for a total score.
The Obstetrician-Gynecologist Statistical Literacy Questionnaire (OGSLQ)
The OGSLQ questions were designed to represent clinically relevant numerical facts, concepts, and relations in order to examine physicians' understanding of health statistics (see Table 1 ). Some questions are specific to obstetrics-gynecology; others are relevant to many types of medical practice. The OGSLQ was created by the authors. Questions were grouped into one of three question types (Fact Questions, Concept Questions, or Relation Questions) based on the type of task that the question required.
Five questions assess physicians' knowledge of numerical facts (Fact Questions). Questions 1 and 2 assess physicians' basic knowledge of statistics that are relevant to medical practice (e.g., number of women with cancer in the United States). Questions 3-5 assess physicians' knowledge about the increased or decreased risk of various health outcomes given common conditions.
Four questions assess physicians' knowledge of statistical concepts (Concept Questions). Questions 7-9 assess understanding of statistical terms (prevalence, incidence, specificity, and sensitivity). Question 13 assesses the ability to calculate number needed to treat.
Five questions assess physicians' understanding of numerical relationships (Relation Questions). Question 6 assesses ability to compare and convert between relative and absolute risk reductions and question 10 assesses ability to interpret a risk-reduction statement. Questions 11 and 12 assess ability to convert probabilities to frequencies and vice versa. Finally, question 14 assesses ability to calculate a positive predictive value (Bayesian posterior probability).
Each question was scored as correct (scored as 1) or incorrect (scored as 0). Blank questions were scored as incorrect. To compute the OGSLQ score, the score on all the questions were summed. The total possible scores on this scale are 0-18 (because questions 4 and 5 consist of several subquestions).
A small pilot test was conducted to gauge the difficulty and obtain feedback from obgyns. Along with completing the questionnaire, physicians were asked: (1) "Did you find any questions to be unlike numerical situations that occur in your practice environment or very difficult? If yes, which ones?" and (2) "Are there any numeric tasks or situations that you encounter on a regular basis that are not included?" Pilot responses did not indicate that any of the questions were irrelevant and/or too difficult, or that there were any relevant tasks that were not included.
Data Analysis
Data were analyzed using a personal computerbased version of SPSS 17.0 (SPSS Inc., Chicago, IL). Descriptive and frequency data were computed for primary analysis. Cronbach's alpha was used to determine each scale's internal reliability. Pearson's r was used for correlation analyses. Chi-squared was used to assess group differences. 
Results
Sample Demographics
A total of 94 of the 200 sampled ob-gyns returned a completed survey, a 47% response rate. On average, participants were 52-year old (SD = 10) and half were female. Seventy-three percent of respondents were general ob-gyns, 18% practice gynecology only, and 9% reported other specialty. 13. What is the number needed to treat (NNT) in the following scenario? 10,000 hypertensive patients were randomly assigned either drug (n = 5,000) or placebo (n = 5,000). Note For each question, the correct answer is in bold and the percentages of physicians who chose each response alterative are given in brackets.
Participants were asked to indicate which of 10 ob-gyn-related topics occur in their practice at least once per month or more. Most topics were relevant to a majority of the sample: HIV (88%), mammography (88%), use of cigarettes (88%), likelihood of medication side effects (85%), genital herpes (84%), and cancer of any kind (78%), breast cancer, cardiovascular (73%). HIV/AIDS and Chagas were relevant to 42% and 0%, respectively. These were the topics of the OGSLQ questions and served to assess whether topics were relevant to practice. Half (67%) indicated seven or more topics and 50% indicated eight or more topics.
None of the question types (e.g., Fact, Concepts, and Relations) were correlated with the total number of topics that physicians indicated were relevant to their practice. However, for one item, the positive predictive value question (question 14), those who indicated that breast mammography occurs at least once per month were less likely to get the answer correct: 10 of the 11 (91%) for whom the topic of breast mammography does not come up in their practice answered the question correctly, compared to only 46 of the 82 (56%) for whom breast mammography is relevant (χ 2 (1) = 9, p = .004). Table 1 lists each question and the percent of responders that answered each question correctly. Table 2 lists each of the 14 questions and shows the percent of respondents who answered each item correctly. Figures 1-4 show the distribution of scores for the OGSLQ, 
The OGSLQ
Figure 1. Distribution of Total OGSLQ Scores
Fact Questions, Concept Questions, and the Relation Questions, respectively. Cronbach's alpha for the OGSLQ showed a reliability of α = .52. Questions 7, 8, 10, 11, 12, 13, and 14 all had the response option "There is not enough information provided (What information do you need? )." Except for question number 13, only a small number of ob-gyns selected this option on each question (n = 5, 2, 0, 0, 1, 31, and 7, respectively). Their comments varied widely; for example, on question 13 some of the written comments included the following: "p value," "knowledge," "cause of death,"
Figure 2. Distribution of Fact Questions
Figure 3. Distribution of Concept Questions
"number needed to treat what?," "what is number needed to treat?," "confidence interval standard deviation," "I don't understand the question," and "endpoint." Few respondents left any given question blank.
Fact Questions
Cronbach's reliability index showed an internal reliability of α = .01, indicating that the Fact Questions do not measure a single underlying competence, but that factual knowledge is heterogeneous. Neither age nor gender was associated with performance on the Fact Questions.
Concept Questions
Seven percent of responders answered all four of the Concept Questions incorrectly. Cron-bach's alpha for the Concept Questions showed a reliability of α = .55. Age was negatively correlated with the Concept Question scores (older physicians did more poorly when controlling for gender) (r = −.25, 95% CI = −0.46 to −0.06), but there was no association with gender when controlling for age.
Relation Questions
A total of 36% answered all of the Concept Questions correctly. Cronbach's alpha for the Relation Questions showed a reliability of α = .53. Neither age nor gender was associated with performance on the Relation Questions.
Concept-Relation Questions
Because the Fact Questions had low internal consistency compared to the Concept and
Figure 4. Distribution of Relation Questions
Relation Questions, we investigated combining the Concept and Relation Questions without the Fact Questions as a measure of numeracy. The distribution of scores when combining the two is shown in Figure 5 . Cronbach's alpha for the Concept-Relation Questions showed a reliability of α = .61. Age was negatively correlated with the Concept-Relation Questions (older physicians did more poorly when controlling for gender; r = −.28, 95% CI = −0.46 to −0.07), but there was no association with gender when controlling for age.
Comparison of OGSLQ with Schwartz and Lipkus Numeracy Scales
Seventy-eight percent of respondents answered all three items on the Schwartz Numeracy Scale correctly (possible scores are 0-3). The distribution of scores is shown in Figure 6 . Cronbach's alpha for the Schwartz Numeracy Scale showed a reliability of α = .12.
Sixty-one percent of respondents answered all 10 items on the Lipkus Numeracy Scale correctly (possible scores are 0-10). Cronbach's alpha for the Lipkus Numeracy Scale showed a Figure 7 .
The Relation and Concept Questions were correlated (about r = .3) with the Schwartz Numeracy Scale but less so (about r = .2) with the Lipkus Numeracy Scale. The Concept-Relation Questions correlated more strongly with both the Schwartz and Lipkus Scales. The total OGSLQ score was correlated with the Schwartz Numeracy Scale (r = .4) and the Lipkus Numeracy Scale (r = .3; see Table 3 ).
Limitations
This study's limitation is a possible self-selection bias. The physician invitees were randomly sam-pled, but those who chose to respond may be different from those who did not. For example, it is possible that some of the obgyns who had difficulty answering questions or were not confident that they could answer the questions did not return the survey. Compared with other physician samples (Estrada, Barnes, Collins, & Byrd, 1999; Gigerenzer, 2010; Gigerenzer et al., 2007) , respondents to this survey performed slightly better on the Schwartz measure; other studies using convenience samples at grand rounds reported that 72% (Gigerenzer et al., 2007) and 60% (Estrada et al., 1999) answered all three questions correctly. Using a subjective scale such as the SNS might help to increase response rates; however, little is known about how well subjective numeracy correlates with objective numeracy, especially among physicians. The response rate to this study was similar to other studies conducted with this sample (Anderson, Silverman, Loewenstein, Zinberg, & Schulkin, 2007; Anderson et al., 2008) .
Discussion
In sum, this study is the first study to assess a variety of statistical literacy skills in a specialty group of practicing physicians using tasks that are relevant to their practice. Our first question was as follows: how well do ob-gyns perform on statistical literacy tasks that are relevant to their own medical practice? Knowledge of basic facts such as the number of women with cancer or HIV/AIDS is important base-rate information that physicians need in order to place their patients' risks into context. However, physicians do not appear to have accurate perceptions about these things. For example, 79% of the respondents overestimated the prevalence of HIV, even though 42% reported that the issue of HIV comes up in their practice at least monthly. It also appeared that many of the respondents significantly overor underestimated. In fact, for two questions (questions 1 and 5b) the most frequent answer is the one furthest from the correct response. The large number of incorrect responses to the question about increased risk of heart disease due to hormone replacement therapy (HRT) is likely due to the evidence that HRT affects different aspects of heart disease in opposite ways;
HRT is thought to increase risk of stroke but decrease risk of heart attack (Schulkin, 2008) .
Physicians answered a large number of the Concepts Questions incorrectly, with 52% answering only two or fewer of the four correctly. These findings are in line with a study that assessed residents' knowledge of biostatics concepts (Windish, Huot, & Green, 2007) . Residents in this study were administered a survey, which required that they demonstrate understanding and ability to interpret biostatical methods, study design, and data interpretation (unlike our study, no calculations were required). On average, residents only answered eight of 20 questions (40%) correctly.
We found that younger ob-gyns performed better on the Concept Questions than older ob-gyns. These results may reflect that medical schools have improved their statistical training in the past decade or two; though it is also possible that younger ob-gyns performed better because they had been trained more recently. The positive predictive value question in the OGSLQ (question 14) had been used in a previous study (Gigerenzer et al., 2007) with gynecologists so we compared our results to the earlier one. In our sample, 49% got the answer correct when information was presented in the frequency format, whereas only 21% gave the correct answer in the previous study (Gigerenzer et al., 2007) when information was presented in the conditional probability format. However, when those gynecologists were then taught how to convert conditional probabilities into absolute frequencies, 87% provided the correct answer. Another study found that physicians are most accurate at estimating positive predictive values when they estimate event frequencies rather than single-event frequencies using their past experiences.
Our second question was whether or not the different types of questions (e.g., Fact, Concept, and Relations) were correlated with each other. The Concept and Relation Questions showed a small correlation (r = .28) with each other, and their correlations with the scores on the Fact Questions were even smaller (r = .15, .16). One might think that numerical skills build on one another (e.g., elementary skills such as addition and subtraction need be mastered before one can solve a complex equation), but statistical facts, concepts, and relations appear to be relatively independent from each other. We believe this to be the first attempt to measure different aspects of physicians' statistical literacy in one scale. Further research will be needed to investigate how this measure can be used and improved to predict patient outcomes.
Third, we examined how the OGSLQ relates to two existing numeracy scales. The first difference is that the OGSLQ goes beyond testing the ability to perform simple calculations, and includes facts, concepts, and relations relevant to ob-gyn practice. The second difference concerns discriminatory power. While the Schwarz and Lipkus scales can differentiate between individuals and nations (Galesic & Garcia-Retamero, 2010) , they appear to provide relatively little discrimination power among physicians, as well as the ob-gyns in our sample. In contrast, the OGSLQ shows that there is a considerable spread of performance among physicians. The Concept and Relation Questions also have higher internal consistency than do the Schwartz and Lipkus scales in our physician sample. It would be easy to adjust these scales for other medical specialties by changing the topics of the questions.
Implications for Practice
In general, numeric information is more transparent in the format of frequencies (rather than single-event probabilities), absolute risks (rather than relative risks), mortality rate (rather than survival rates), and natural frequencies (rather than conditional probabilities; Gigerenzer, 2002; Gigerenzer & Edwards, 2003) . Some good news is that many ob-gyns were able to convert information to and from these transparent formats. For example, 93% were able to translate a frequency into a probability and 89% were able to translate a probability into a frequency. It has been suggested the physicians should use the simplest mathematical constructs when communicating numerical concepts to patients (Apter et al., 2008) . Our results show that they are good at converting between formats. The remaining question is whether physicians are aware of which formats are best for their patients. If physicians are aware of which formats are less transparent, they will likely be able to make simple conversions (as demonstrated here) to more transparent formats. Our results also show that many ob-gyns are unable to calculate a positive predictive value when provided with the information needed (prevalence, specificity, and sensitivity). The implications of this finding may be that patients are misinformed about their risks or that they are left to perform this advanced calculation on their own. Inaccurate knowledge about the base rate of common diseases and conditions may also lead some physicians to provide inaccurate risk estimates to their patients. More research is needed to establish whether these findings have such implications and whether these implications have a significant impact on the quality of care. Efforts to increase physician statistical literacy through training in medical school and continuing medical education would be useful. In order to address and improve collective statistical literacy, it is important that we monitor physicians' statistical literacy, to which end this scale can help.
Absolute risk reduction (ARR) (question 6):
The term ARR is a measure of the efficacy of a treatment in terms of the absolute number of people saved. It is the numerical difference between the rates of the adverse outcome in the control group and the intervention group, with ARR = 1/NNT.
Relative risk reduction (RRR) (question 6):
The term RRR is a measure of the efficacy of a treatment in terms of the relative number of people saved. It refers to ARR divided by the rate of the adverse outcome in the control group, with RRR = ARR/rate of the adverse outcome in the control group.
Incidence (question 7): The term incidence rate refers to the number of new cases of a disease within a specified time interval (e.g., over 1 year) Prevalence (question 8): The term prevalence (synonymous with the term "base rate") refers to the total number of cases of a disease at a certain point in time (e.g., the day that the sample was tested).
Sensitivity (question 9): The term sensitivity refers to the proportion of individuals with a positive test result among those who have the disease; in other words, those who are correctly classified as having the disease. Specificity (question 9): Specificity is the proportion of individuals with a negative test result among those without the disease; in other words, those who are correctly classified as not having the disease.
False positive rate (question 9): The term false positive rate refers to the proportion of individuals who test positive but do not have the disease; in other words, those who are incorrectly classified as having the disease.
Conditional probability (question 11): A conditional probability is the probability that an event A occurs given event B; a joint probability is the probability of A and B cooccurring.
Frequency (question 11): A frequency is the number of observations in a class of events.
Number needed to treat (NNT) (question 13): The term NNT is a statistical measure of the efficacy of a treatment; it is defined as the number of people who need to receive an intervention in order to save one person from an adverse outcome (e.g., death). The NNT = 1/(rate of the adverse outcome in the control group-rate of the adverse outcome in the intervention group).
Positive predictive value (PPV) (question 14): The term PPV is the proportion of people among all those who test positive who actually do have the disease (or condition). In other words, PPV is defined as the number of true positives divided by the total number of those who test positive, with PPV = numbers who are correctly identified has having the disease or total number who tests positive.
